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Objective. Although multiple studies have reported the prevalence of primary hip osteoarthritis (OA), little has been
reported on incidence rates of hip OA. We sought to determine the incidence rate and demographic risk factors of hip OA
in an ethnically diverse and physically active population of US military servicemembers.
Methods. A query was performed using the US Defense Medical Epidemiology Database for the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification code for hip OA (715.95). Multivariate Poisson regression
analysis was used to estimate the rate of hip OA per 100,000 person-years, controlling for sex, race, age, rank, and service.
Results. The overall unadjusted incidence rate of hip OA was 35 per 100,000 person-years. Women, compared with men,
had a significantly increased adjusted incidence rate ratio for hip OA of 1.87 (95% confidence interval [95% CI] 1.73–2.01).
The adjusted incidence rate ratio for black servicemembers when compared with white servicemembers was 1.32 (95%
CI 1.23–1.41). The adjusted incidence rate ratio for the >40-year-old age group compared with the 20-year-old group was
22.21 (95% CI 17.54–28.14). With junior officers as the referent category, junior enlisted, senior enlisted, and senior
officers rank groups had a significantly increased adjusted incidence rate ratio for hip OA. With the Air Force as the
referent category, each service had a significantly increased adjusted incidence rate ratio for hip OA.
Conclusion. Female sex; black race; age >40 years; junior enlisted, senior enlisted, and senior officer rank groups; and
military service in the Navy, Army, or Marines were all risk factors for hip OA.

INTRODUCTION

Osteoarthritis (OA) is a progressive disease caused by de-
struction of articular cartilage and proliferation and re-
modeling of subchondral bone. Symptomatic OA is a clin-
ical diagnosis based on pain in the presence of particular
radiographic features: osteophytes, joint space narrowing,
subchondral sclerosis, and cysts. It is estimated that OA
affects 27 million Americans (1), accounting for 55% of all
arthritis-related hospitalizations (2). OA has been found to
have average direct yearly costs between $2,650 and
$5,700 per person (3,4). More than half of the societal costs

of OA are lost productive work time, which has been
estimated at $7.1 billion (5,6).

Primary hip OA is defined as hip OA in which there is
no preexisting anatomic abnormality or disease process.
Previous large-scale studies have found the prevalence of
radiographic hip OA in US men and women older than 55
years to vary by nearly a factor of 10, between a low
prevalence of 2.7%, reported in the first National Health
and Nutrition Examination Survey, up to a high preva-
lence of 25.1%, reported in the Johnston County Osteoar-
thritis Project (7,8). Despite the variance in prevalence in
these studies, European studies have shown that the prev-
alence of radiographic hip OA has remained constant
throughout the past 4 decades within an urban population
(9).

The majority of studies describing the frequency of hip
OA have been prevalence studies. Previous studies have
suggested that patients with OA have higher mortality
rates than patients without OA (10,11). It may be hypoth-
esized that this increase in mortality in patients with
symptomatic hip OA may be attributable to its correlation
with obesity (12–15) or to the secondary functional and
physical limitations that can exacerbate other chronic
medical comorbidities, such as hypertension and cardio-
vascular disease. Incidence rather than prevalence studies
of hip OA are unaffected by the difference in mortality
rates, and incidence was therefore determined to be a more

The opinions or assertions contained herein are the pri-
vate views of the authors and are not to be construed as
official or as reflecting the views of the Department of the
Army or the Department of Defense. All authors are employ-
ees of the United States government, and this work was
prepared as part of their official duties.

1CPT Danielle L. Scher, MD, LTC Philip J. Belmont, Jr.,
MD, MAJ Brett D. Owens, MD: William Beaumont Army
Medical Center, El Paso, Texas; 2Sally Mountcastle, PhD:
University of Texas, El Paso.

Address correspondence to CPT Danielle L. Scher, MD,
Orthopaedic Surgery Department, William Beaumont Army
Medical Center, 5005 North Piedras Street, El Paso, TX
79920. E-mail: Danielle.scher@amedd.army.mil.

Submitted for publication August 6, 2008; accepted in
revised form January 7, 2009.

Arthritis & Rheumatism (Arthritis Care & Research)
Vol. 61, No. 4, April 15, 2009, 468–475
DOI 10.1002/art.24429
© 2009, American College of Rheumatology

ORIGINAL ARTICLE

468



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
APR 2009 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2009 to 00-00-2009  

4. TITLE AND SUBTITLE 
The Incidence of Primary Hip Osteoarthritis in Active Duty US Military 
Servicemembers 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
William Beaumont Army Medical Center,Orthopaedic Surgery
Department,5005 North Piedras Street,El Paso,TX,79920 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

8 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



appropriate tool to study the demographic risk factors,
such as sex and race.

Calculating the incidence rate of hip OA is challenging
because of the difficulty in defining the point of disease
onset. The incidence of hip OA can also be difficult to
quantify because the structural changes of the disease oc-
cur in most people as they get older, but these changes may
not be accompanied by symptoms that warrant medical
attention (14). Furthermore, these incidence rates may
vary, depending on whether only moderate and severe
radiographic changes are studied or whether mild changes
are also included.

To better understand the population-based epidemio-
logic characteristics of hip OA, numerous studies have
sought to determine the risk factors for this disease. In
particular, prevalence with respect to sex, race, age, and
activity level has been extensively studied, but only 2
studies have described incidence rates for hip OA (16,17).
The incidence rates and epidemiologic variables in US
Armed Forces servicemembers have not been reported (7)
and are the subject of this study.

MATERIALS AND METHODS

The US Armed Forces represents a physically active pop-
ulation of male and female servicemembers with generally
high occupational demands. These servicemembers partic-
ipate in organized physical fitness training programs, and
they must meet the standards of their individual service’s
physical fitness test and height/weight requirements semi-
annually. At the initial military entry examination, preex-
isting hip conditions are screened by history and physical
examination. If there are any concerns about a preexisting
hip condition, radiographs and an orthopedic consultation
are obtained. Findings of any preexisting physical abnor-
malities, including potential causes of secondary hip OA
such as developmental dysplasia of the hip, Legg-Calvé-
Perthes disease, slipped capital femoral epiphysis, hip
dislocation within 2 years preceding examination, or
chronic OA excludes those individuals from initial entry
into active duty military service.

The military maintains large medical databases, making
it an excellent population in which to study musculoskel-
etal disorders such as hip OA. One such database is the
Defense Medical Epidemiology Database (DMED), which
compiles International Classification of Diseases, Ninth
Revision (ICD-9) coding information for every patient en-
counter in a military treatment facility. This database also
maintains the total number of servicemembers on active
duty each year and contains patient demographic and
military-specific data. The DMED is a frequently updated
database that is able to track military servicemembers as
they move throughout the world. The DMED also adjusts
for servicemembers as they retire and as they enlist into
the Armed Forces. It has been used previously to provide
information on various musculoskeletal conditions
(18,19).

The DMED provides 4 types of data: demographic fea-
tures, inpatient hospitalizations, ambulatory visits, and
reportable events. The outpatient data in the DMED is a
combination of the standard ambulatory data records ex-
tracted from the Ambulatory Data System, from the Com-
posite Health Care System used in military treatment fa-
cilities worldwide, and from outsourced (nonmilitary)
outpatient health care facilities providing care to active-
duty servicemembers.

To determine the total number of patients with hip OA,
we queried the ambulatory DMED system for the years
1998–2006 using the ICD-9 Clinical Modification code
715.95. We chose to include only outpatient data because
hip OA is primarily an outpatient diagnosis, and the small
numbers from inpatient data would not have been signif-
icant. Additionally, inpatient data is less likely to repre-
sent first time diagnosis, and its inclusion could lead to
multiple counting of primary hip OA. Ambulatory en-
counters were limited to a first occurrence to exclude
repeat coding of the same initial diagnosis for all services
during the study period. We then categorized the results
by sex, race, age, rank, and military service. Race data is
routinely obtained from the Defense Manpower Data Cen-
ter, which compiles servicemembers’ self-report of race
with the following options: white, black, Hispanic, Alas-
kan Native/American Indian, Asian/Pacific Islander, and
other. The DMED classifies these categories into 3 larger
groups: white, black, and other. Mixed-race individuals
were classified according to self-report. The age categories
used were �20 years, 20–24 years, 25–29 years, 30–34
years, 35–39 years, and �40 years. The rank categories
used were junior enlisted (E1–E4), senior enlisted (E5–E9),
junior officers (O1–O3), and senior officers (O4–O9). The
military service categories used were Army, Navy, Air
Force, and Marines. The DMED does not compile height or
weight data on servicemembers and so this information
was not available for analysis. The database was also que-
ried for the total number of servicemembers on active duty
during the study time period, and the results were catego-
rized by sex, race, age, rank, and service. To estimate
incidence, 1 exposure year was defined as 1 year that the
servicemember was in the US Armed Forces.

For incident OA, the outcome measure was the unad-
justed incidence rate per 100,000 person-years. We used
multivariate Poisson regression to estimate the rate of hip
OA per 100,000 person-years by sex, race, age, rank, and
service (unadjusted rates). Additionally, using Poisson re-
gression, we computed rate ratios for sex, using men as the
referent, and controlling for differences in race, age, rank,
and service between men and women (adjusted rates). Rate
ratios were also calculated for race, using white as the
referent category; age, using �20 years as the referent
category; rank, using junior officers as the referent cate-
gory; and service, using the Air Force as the referent cat-
egory, all of which were adjusted for other covariates. All
statistical analysis was performed using SAS software,
version 9.1 (SAS, Cary, NC). This study received Institu-
tional Review Board approval from William Beaumont
Army Medical Center Department of Clinical Investigation
Protocol.
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RESULTS

A total of 4,262 cases of hip OA were documented in our
population at risk of 12,096,304 person-years. The overall
incidence rate of hip OA in our population was 35 cases
per 100,000 person-years. The unadjusted incidence rate
of hip OA was 54 cases per 100,000 person-years among
women and 32 cases per 100,000 person-years among men.
Women, when compared with men, had a significantly
increased adjusted incidence rate ratio for hip OA of 1.87
(95% confidence interval [95% CI] 1.73–2.01). When ex-
amining the sex/age subcategories, it was found that the
adjusted incidence rate ratio for women, when compared
with men, was statistically significant at all age subcate-
gories. The incidence rates for men and women by age
group are listed in Table 1.

The unadjusted incidence rate for hip OA per 100,000
person-years was 33 among whites, 51 among blacks, and
21 among others. Blacks, when compared with whites, had
a significantly increased adjusted incidence rate ratio for
hip OA of 1.32 (95% CI 1.23–1.41). When examining the
racial age subcategories, it was found that the adjusted
incidence rate ratio for blacks, when compared with
whites, became statistically significant at the age subcate-
gory of 25–29 years and each older subcategory thereafter.
The incidence rates for race are presented in Table 2.

We found that older servicemembers had a higher inci-
dence rate for hip OA when compared with younger ser-
vicemembers. The highest incidence rate was seen in the
�40 years age group with an incidence rate of 140 per
100,000 person-years. The adjusted rate ratio for the �40
years age group compared with the �20 years age group
was 22.21 (95% CI 17.54–28.14). A complete listing of the
age data is shown in Table 3.

The unadjusted incidence rate for hip OA among the 4
rank groups was 16.6 for the junior enlisted group, 24.8 for
junior officers, 46.4 for the senior enlisted group, and 112
for the senior officers per 100,000 person-years. When
compared with the junior officers as the referent category,
all of the other rank groups had increased adjusted inci-
dence rate ratios for hip OA: junior enlisted group 1.90
(95% CI 1.63–2.22), senior enlisted group 1.31 (95% CI

1.16–1.48), and senior officers 1.50 (95% CI 1.31–1.73). The
incidence rates for rank groups are presented in Table 4.

The unadjusted incidence rate for hip OA among the 4
services was 43.3 for the Army, 37.0 for the Navy, 26.8 for
the Air Force, and 26.3 for the Marines per 100,000 person-
years. Each service, when compared with the Air Force as
the referent category, had a significantly increased ad-
justed incidence rate ratio for hip OA: Army 1.90 (95% CI
1.75–2.07), Navy 1.63 (95% CI 1.49–1.78), and Marines
1.85 (95% CI 1.64–2.09). We found that the adjusted inci-
dence rate ratio for all services, when compared with the
Air Force, was statistically significant at all the age sub-
categories. The incidence rates for service are presented in
Table 5.

DISCUSSION

In this large-scale database study, we found that female
sex; black race; age �40 years; junior enlisted, senior en-
listed, and senior officer rank groups; and military service
in the Navy, Army, or Marines were significant risk factors
for the development of incident hip OA when compared
with male sex, white race, age �40 years, junior enlisted
rank group, and service in the Air Force. Incidence rates
were determined for this unique population of individuals
who are all active-duty US military servicemembers.
These servicemembers are required to meet the physical
induction standards of their service when joining the mil-
itary, which excludes from service those individuals with
certain preexisting medical conditions, e.g., potential
causes of secondary hip OA such as developmental dys-
plasia of the hip, Legg-Calvé-Perthes disease, and slipped
capital femoral epiphysis. If there are any concerns about
a preexisting hip condition, radiographs and an orthope-
dic consultation are obtained prior to initial entry into
active duty military service. Active-duty US military ser-
vicemembers continue to be physically active on a daily
basis. Standard training for active-duty military service-
members includes multiple weekly aerobic and strength-
training sessions, daily physically demanding military oc-
cupational specialty training, overseas deployments,

Table 1. Unadjusted and adjusted incidence rates and adjusted incidence rate ratios of hip OA among members of the US
military, 1998–2006, by age and sex*

Age group,
years

Women Men

Adjusted
incidence rate

(95% CI)‡Cases
Person-
years

Unadjusted
incidence

rate† Cases
Person-
years

Unadjusted
incidence

rate†

�20 48 174,654 27.5 50 825,973 6.05 5.61 (3.73–8.45)
20–24 164 638,889 25.7 317 3,328,162 9.52 3.20 (2.63–3.89)
25–29 138 376,651 36.6 396 2,097,713 18.9 1.94 (1.59–2.37)
30–34 137 218,219 62.8 381 1,571,007 24.3 2.59 (2.11–3.18)
35–39 162 189,031 85.7 748 1,451,678 51.5 1.53 (1.28–1.82)
�40 296 151,654 195 1,425 1,076,371 132 1.42 (1.25–1.61)
Overall 945 1,749,098 54 3,317 10,350,904 32 1.87 (1.73–2.01)

* OA � osteoarthritis; 95% CI � 95% confidence interval.
† Per 100,000 person-years.
‡ Male is the referent category. Adjusted for age, service, rank, and race.
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maintaining height/weight requirements, and passing a
semiannual service-specific physical fitness test. A service
member’s inability to complete any of the aforementioned
requirements could result in a medical or administrative
discharge from the military.

Previous incidence studies of hip OA have reported an

overall incidence rate between 56 and 88 cases per 100,000
person-years, with incidence rates for men of 47–69 cases
and for women of 68–105 cases per 100,000 person-years
(16,17). The incidence rate of hip OA in our population
was 35 cases per 100,000 person-years, with 32 cases for
men and 54 cases for women per 100,000 person-years.
Our lower overall incidence rates are likely attributable to
a younger and healthier population. As seen in Table 3,
there was an incidence rate of 55 for those in the 35–39
years age category, with a jump to 140 in the �40 years age
category per 100,000 person-years.

Our results found an overall increased risk in the devel-
opment of hip OA in women compared with men, with an
adjusted incidence rate ratio of 1.87 (95% CI 1.73–2.01).
This finding is in accordance with the results of a meta-
analysis performed by Srikanth et al (20). Analyzing 2
incidence studies of hip OA (16,17), both demonstrated a
statistically significant reduction in the overall incidence
rate of hip OA in men when compared with women (inci-
dence rate ratio 0.64, 95% CI 0.48–0.86). Our study
showed that at all individual age subcategories there was a
significant increased adjusted incidence rate ratio when
comparing women with men (Table 1). The uniform find-

Table 2. Unadjusted incidence rates and adjusted incidence rate ratios of hip OA among
members of the US military, 1998–2006, by age and race*

Age group,
years Cases Person-years

Unadjusted
incidence rate†

Adjusted
incidence rate
ratio (95% CI)‡

�20
Black 13 179,936 7.22 0.54 (0.30–0.97)
Other 16 105,841 15.1 0.95 (0.51–1.75)
White 73 716,482 10.2 N/A

20–24
Black 88 722,485 12.2 0.76 (0.60–0.97)
Other 43 425,248 10.1 0.74 (0.54–1.02)
White 350 2,819,318 12.4 N/A

25–29
Black 180 500,449 36.0 1.57 (1.30–1.90)
Other 38 260,672 14.6 0.70 (0.50–0.99)
White 316 1,713,500 18.4 N/A

30–34
Black 171 405,691 42.2 1.25 (1.02–1.52)
Other 39 164,522 23.7 0.80 (0.57–1.11)
White 308 1,219,013 25.3 N/A

35–39
Black 330 375,482 87.9 1.57 (1.36–1.82)
Other 37 131,355 28.2 0.53 (0.38–0.74)
White 543 1,133,872 47.9 N/A

�40
Black 440 232,568 189 1.35 (1.20–1.52)
Other 82 102,032 80.4 0.60 (0.48–0.75)
White 1,199 893,425 134 N/A

Overall
Black 1,222 2,416,611 50.6 1.32 (1.23–1.41)
Other 255 1,189,670 21.4 0.66 (0.58–0.75)
White 2,789 8,495,610 32.8 N/A

* OA � osteoarthritis; 95% CI � 95% confidence interval; N/A � not applicable because this category was
used as referent.
† Per 100,000 person-years.
‡ White is the referent category. Adjusted for age, service, rank, and sex.

Table 3. Incidence rate and adjusted incidence rate ratio
of hip OA among members of the US military,

1998–2006, by age*

Age group,
years

Incidence
rate†

Adjusted
incidence rate
ratio (95% CI)‡

�20 10 N/A
20–24 12 1.35 (1.09–1.68)
25–29 22 2.99 (2.39–3.75)
30–35 29 4.54 (3.58–5.75)
35–39 55 8.93 (7.05–11.31)
�40 140 22.21 (17.54–28.14)

* See Table 2 for definitions.
† Per 100,000 person-years.
‡ Referent category was the �20 year age group. Adjusted for sex,
service, rank, and race.
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ings of an increased incidence of hip OA in women in this
and the previously mentioned incidence studies need to
be evaluated with respect to previous prevalence studies
of hip OA. Prior prevalence studies of hip OA have re-
ported mixed results, including an increased prevalence
in women (13,14,21,22) or a lack of a sex difference
(8,9,15,20,23). Sex differences in incidence studies, as
compared with prevalence studies, are likely to be more
reliable because they are unaffected by the difference in
mortality rates between men and women. The previous
incidence studies of hip OA were performed among whites
(16,17). In contrast, our study is the first to our knowledge
to have discovered an increased incidence of hip OA
among women in a racially diverse population.

Our results found an overall increased risk in the devel-
opment of hip OA in black servicemembers compared

with white servicemembers, with an adjusted incidence
rate ratio of 1.32 (95% CI 1.23–1.41). Currently, there are
no published studies comparing the incidence rate be-
tween these 2 races because epidemiologic studies have
historically looked at only the prevalence of hip OA in
diverse populations around the globe. Results of a small
study of nearly 200 people from South Africa reported a
hip OA prevalence rate of only 2% in their black popula-
tion (24). A large-scale study of a rural population in North
Carolina showed the prevalence of hip OA to be nearly
equal between blacks and whites, with overall prevalences
of 29.9% and 26.4%, respectively (8). We acknowledge
that it is difficult to interpret the data for the racial ser-
vicemember category of other because it is made up of
numerous ethnicities; however, after adjusting for the co-
variant risk factors, the other racial servicemember cate-

Table 4. Unadjusted incidence rates and adjusted incidence rate ratios of hip OA among
members of the US military, 1998–2006, by age and rank*

Age group,
years Cases Person-years

Unadjusted
incidence rate†

Adjusted
incidence rate
ratio (95% CI)‡

�20
E1–E4 98 1,000,627 9.79 §
O1–O3 § § § N/A
E5–E9 § § § §
O4–O9 § § § §

20–24
E1–E4 433 3,315,825 13.1 2.64 (1.36–5.11)
O1–O3 9 170,631 5.27 N/A
E5–E9 39 480,595 8.11 1.58 (0.76–3.26)
O4–O9 § § § §

25–29
E1–E4 243 838,911 29 1.85 (1.38–2.47)
O1–O3 58 423,457 13.7 N/A
E5–E9 233 1,212,253 19.2 1.25 (0.93–1.67)
O4–O9 § § § §

30–34
E1–E4 76 171,963 44.2 1.47 (1.08–2.02)
O1–O3 86 354,549 24.3 N/A
E5–E9 338 1,189,308 28.4 1.17 (0.92–1.48)
O4–O9 18 73,406 24.5 1.05 (0.63–1.74)

35–39
E1–E4 38 38,407 98.9 2.10 (1.40–3.14)
O1–O3 64 157,389 40.7 N/A
E5–E9 696 1,211,253 57.5 1.41 (1.09–1.83)
O4–O9 112 233,660 47.9 1.28 (0.94–1.74)

�40
E1–E4 5 3,645 137 1.20 (0.48–2.97)
O1–O3 75 69,746 108 N/A
E5–E9 916 695,032 132 1.29 (1.01–1.63)
O4–O9 725 459,602 158 1.58 (1.24–2.00)

Overall
E1–E4 893 5,369,378 16.6 1.90 (1.63–2.22)
O1–O3 292 1,175,772 24.8 N/A
E5–E9 2,222 4,788,441 46.4 1.31 (1.16–1.48)
O4–O9 855 766,668 112 1.50 (1.31–1.73)

* E1–E4 � junior enlisted ranks; O1–O3 � junior officer ranks; E5–E9 � senior enlisted ranks; O4–O9 �
senior officer ranks. See Table 2 for additional definitions.
† Per 100,000 person-years.
‡ E1–E4 is the referent category. Adjusted for age, service, race, and sex.
§ These age groups are not present in these rank categories.
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gory did not have a significantly different incidence rate
when compared with white servicemembers. Numerous
studies of Asian populations have shown that the preva-
lence rate of primary hip OA is small, ranging from 0–2%
in the Japanese, Chinese, and Taiwanese populations (25–
29). This lower age-standardized prevalence of hip OA
occurs in native Asian populations compared with the US
white population (28) and has been shown to translate to
Asians living within the US as well (30). The most com-
mon cause of hip OA in Asian populations has been found
to be secondary hip OA, caused by acetabular dysplasia,
rather than primary hip OA (25– 27,31).

As anticipated, our study demonstrated a statistically
significant increased risk for the development of hip OA
with increasing age. The adjusted incidence rate ratio was
22.21 (95% CI 17.54–28.14) for those servicemembers �40
years of age compared with those servicemembers �20
years of age. Cushnaghan and Dieppe have reported that

the hip was the earliest joint affected by OA for both sexes
(32). It is recognized that hip OA incidence rates increase
with age (9,15–17). However, what is not clear is the extent
to which activity level and occupational demands may
impact the incidence.

There was a statistically significant increased risk for
development of hip OA when examining the adjusted
incidence rate ratio for servicemembers in the junior en-
listed, senior enlisted, and senior officers rank groups
when compared with the junior officers rank group. Com-
pared with servicemembers in the Air Force, there was a
statistically significant increased risk for development of
hip OA when examining the adjusted incidence rate ratio
for servicemembers in the Army, Navy, and Marines. In
this database, rank group and military service act as a
proxy for activity level. Therefore, these results emphasize
the role of activity level, including occupational demands,
in the development of hip OA. Those military service-

Table 5. Unadjusted incidence rates and adjusted incidence rate ratios of hip OA among
members of the US military, 1998–2006, by age and service*

Age group,
years Cases Person-years

Unadjusted
incidence rate†

Adjusted
incidence rate
ratio (95% CI)‡

�20
Army 42 343,328 12.2 8.90 (2.76–28.8)
Navy 30 253,519 11.8 8.58 (2.62–28.1)
Air Force 3 181,108 1.66 N/A
Marines 23 222,672 10.3 9.91 (2.95–33.3)

20–24
Army 240 1,374,192 17.5 4.21 (3.03–5.85)
Navy 106 1,026,433 10.3 2.44 (1.70–3.49)
Air Force 42 865,173 4.85 N/A
Marines 93 701,253 13.3 3.61 (2.50–5.23)

25–29
Army 222 917,370 24.2 2.84 (2.10–3.85)
Navy 209 664,843 31.4 3.92 (2.89–5.32)
Air Force 52 637,611 8.16 N/A
Marines 51 254,797 20 2.86 (1.94–4.22)

30–34
Army 248 660,807 37.5 2.25 (1.74–2.91)
Navy 145 481,836 30.1 2.01 (1.52–2.65)
Air Force 81 503,475 16.1 N/A
Marines 44 143,108 30.7 2.22 (1.53–3.21)

35–39
Army 370 532,540 69.5 1.63 (1.37–1.94)
Navy 257 464,310 55.4 1.42 (1.18–1.70)
Air Force 210 533,460 39.4 N/A
Marines 73 110,399 66.1 1.73 (1.33–2.27)

�40
Army 706 397,971 177 1.60 (1.42–1.81)
Navy 452 345,491 131 1.28 (1.12–1.45)
Air Force 451 412,313 109 N/A
Marines 112 72,250 155 1.46 (1.19–1.80)

Overall
Army 1,828 4,226,208 43.3 1.90 (1.75–2.07)
Navy 1,199 3,236,432 37.0 1.63 (1.49–1.78)
Air Force 839 3,133,140 26.8 N/A
Marines 396 1,504,479 26.3 1.85 (1.64–2.09)

* See Table 2 for definitions.
† Per 100,000 person-years.
‡ Air Force is the referent category. Adjusted for age, rank, race, and sex.
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members in the junior enlisted rank group and those ser-
vicemembers in the Army, Navy, and Marines generally
have an overall higher activity and occupational demand
level than the referent groups. The lowest rank group,
consisting of junior enlisted servicemembers, comprises
the majority of combat and combat support units, main-
tains superior physical readiness through structured phys-
ical training programs, and is subject to the physical rigors
of repeated combat deployments. For example, service-
members in the Army and Marines serving as infantry
often deploy for combat tours and routinely conduct com-
bat operations carrying an average load of 70 pounds. This
high level of physical activity is in accordance with our
finding that the adjusted incidence rate ratio was highest
in the junior enlisted rank group. Although their current
duties may not be as physically demanding as the enlisted
ranks, the senior officer rank group has the second highest
adjusted incidence rate ratio. This may be attributable to
the cumulative physical activity that they encounter dur-
ing the years of service required to reach their current rank
level.

Several studies that have examined former recreational
and professional athletes have shown a positive correla-
tion between various sports participation and an increased
prevalence of hip OA (33–41). A retrospective case–con-
trol study of regular high-mileage, long-distance male run-
ners who were longitudinally followed for 15 years found
radiologic evidence of OA consisting of subchondral scle-
rosis (59%) and osteophyte formation (29%) in their co-
hort (39). Additionally, 30% of these runners at age 42
years had symptomatic hip pain, and their long-term,
high-intensity, high-mileage running was found to be sta-
tistically equivalent to age as a risk factor for the develop-
ment of radiographic hip OA and symptomatic hip pain.
Prolonged exposure to higher levels of recreational phys-
ical activity has been reported to have a statistically sig-
nificant increase in the risk of developing radiographic
symptomatic hip OA in women and men ranging from a
factor of 2 to 4.5, respectively (37,40,41). In contrast, sev-
eral surveys have found no increased risk for the develop-
ment of hip OA secondary to running or increased physi-
cal activity levels (42–45).

Similarly, the prevalence of radiographic hip OA has
been reported to be statistically significantly increased for
farmers (12,46,47) and for those with jobs involving heavy
manual labor (48,49) compared with population controls,
ranging from factors of 3.2–10 to 2.0, respectively. Military
service is somewhat comparable to farming and heavy
manual labor in that the occupational demands often re-
quire regular heavy lifting, prolonged standing, and walk-
ing over rough terrain. Both women and men who have
been exposed to high physical demands either at work or
during sports activities have been found to have a statisti-
cally significant increased risk for symptomatic primary
hip OA of 4.3 (95% CI 1.1–11.0) and 8.5 (95% CI 4.0–17.9),
respectively (41,50). Overall, the higher incidence rate of
hip OA observed in military servicemembers in the �40
years age group in this study is attributable to their overall
higher activity and occupational demand level compared
with that of the general population. Moreover, within this
military population it has been observed that lower rank

servicemembers and those serving in the Army, Navy, and
Marines will have higher incidence rates of hip OA, most
likely due to their overall higher activity level and occu-
pational demand.

The greatest strength of this study is the large number of
active-duty servicemembers who were captured in the
closed military health care system and annotated in the
DMED. The authors acknowledge the limitations inherent
to any large database study. First, multiple physicians
evaluated and coded the patient encounters, which may
decrease the accuracy of the diagnosis of hip OA. The
DMED is also subject to the dynamic cohort of military
servicemembers that is the subject of this study. Although
the DMED cannot track individuals, the total number of
persons used in our statistical analysis represents the pop-
ulation as a whole at risk for each calendar year. Second,
most studies describing hip OA have focused on radio-
graphic findings. In this study we are uncertain to what
extent the diagnoses were determined by radiographic
findings alone, clinical evidence of symptomatic hip OA,
or a combination of the two. As the data is based upon
patient-driven clinic visits, one can assume that the data is
reflective of symptomatic complaints in the context of
radiographic findings. Nonradiographic methods based on
pain or other symptoms may result in the overdiagnosis of
hip OA. Conversely, many patients with radiographic ev-
idence of hip OA do not have symptoms and may not seek
medical care, and thus would not be captured in a data-
base study (14). It is symptomatic hip OA that causes pain,
disability, and utilization of health care resources and
therefore is the subject of this study. Third, our subjects
were all active-duty servicemembers who maintain char-
acteristics that may limit the ability to generalize these
results. The results can be utilized, however, in compari-
son with populations of physically active individuals
whose activity may be through sports or occupation. Fur-
ther prospective studies would be helpful to better under-
stand the effect of high activity levels and occupational
demand on the development of hip OA within an ethni-
cally diverse population.
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